ABSTRACT: This study was performed to determine the differences in grade of synovitis and expression of NF-kB and iNOS in knee synovial membrane between early and advanced stage of osteoarthritis (OA). Thirty synovial membrane intra-operative biopsies of patients (ten controls, ten with early and ten with advanced OA according to Kellgren-Lawrence radiological score) were immunohistochemically (NF-kB and iNOS) and hystologically (Krenn synovitis score) analyzed and correlated to WOMAC clinical score and pain duration. Krenn synovitis score of patients with radiologically early OA was significantly higher than in patients with advanced OA (p < 0.001). NF-kB expression in both synovial intima (p < 0.001) and subintima (p < 0.001) was also higher in early OA. iNOS expression in subintima was significantly higher in early than in advanced OA (p < 0.001), while in intima iNOS showed no statistical difference between groups (p ¼ 0.07). The lymphocytic nodules, located in synovial subintima, were significantly higher in advanced OA when compared to early OA (p ¼ 0.006) and the control group (p < 0.001). These results suggest that in early OA, there is a localized inflammation of the synovial membrane with high expression of NF-kB and iNOS. In advanced OA, number of expressed factors is reduced, with the exception of intima cells that highly express iNOS, reflecting the ongoing localized inflammatory process of lower degree. In advanced OA, the density of the resident cells is reduced and lymphocytic nodules appear, confirming the important role of adaptive immunity in later OA stage. Clinical significance of this study is better understanding possibilities of preventive measures for synovitis and OA advancement. ß
The major pathological changes of osteoarthritis (OA) in the knee joint include cartilage damage, the formation of osteophytes, subchondral bone sclerosis, inflammation of the synovium, degeneration of ligaments and the menisci, and alteration of the joint capsule. 1 With the detection of high levels of cytokines, complement, and plasma proteins in synovial fluid, it has been proposed that OA is an inflammatory disease, 2 with other disorders accelerating failure of the joint. 3 Synovial membrane contains resident cells, such as macrophages, Fibroblast-Like Synoviocites (FLS), smooth muscle cells and endothelium of blood vessels, and non-resident, inflammatory cells such as lymphocytes and plasma-cells. 4 It has two layers; intima and subintima. 5 Synovitis can be defined as thickening of the synovial surface cell layer, infiltration of inflammatory cells, neoangiogenesis, and fibrosis. 6 Direct camera visualization on arthroscopy, magnetic resonance imaging (MRI), ultra sound (US), and synovial biopsies, indicated that synovitis and its symptoms are present before the bone changes have occurred. [7] [8] [9] Thus, synovial inflammation has much more significance in early phase of the disease, as a result of joint instability and initial cartilage lesions. 10 Namely, synovial membrane in the early OA has shown synovial lining cell thickness, vascularity and expression of inflammatory cells and mediators, and nuclear transcription factors to be greater than in advanced OA, determining a higher hyperplastic and inflammation component of the synovitis in that stage. [11] [12] [13] Even though synovial membrane can be more voluminous in advanced stage of OA, in its early stage it has been shown to have more inflammatory factors activated. 11, 14, 15 It is still unclear whether morphological changes that occur in the OA synovium are primarily due to a systemic immune response or occur secondarily to cartilage degradation and lesions of the subchondral bone. 16 After initial cartilage damage, parts of chondrocytes and fragments of Extracellular Matrix (ECM) are released in synovial fluid. 3, 16, 17 Additionally, chondrocytes, subchondral osteoblasts, and cells in the synovial membrane produce inflammatory mediators such as cytokines, chemokines, angiogenic factors, Matrix-Metalloproteinases (MMPs), COX-2, and Inducible Nitric Oxide Synthase (iNOS), that play a prominent role in further degradation of ECM. 16 Production of those inflammatory factors is mostly through NF-kB transcription factor activity. 18 In OA, NF-kB is highly activated at sites of inflammation of synovial membrane inducing transcription of fore mentioned proinflammatory factors. 19 Inhibition of NF-kB inhibited the inflammation of synovial membrane in rats with artificially caused arthritis. 20 In OA, iNOS in cartilage and synovial membrane produce large quantities of nitric oxide (NO). 21, 22 iNOS has been mostly synthetized through NF-kB pathway. 23 In OA, NO mediates the expression of inflammatory factors, inhibits synthesis of collagen and proteoglycan synthesis and induces chondrocyte apoptosis, and pain. 24 Selective inhibition of iNOS reduces tissue levels of catabolic factors, therefore NO has catabolic role in OA. 25 On the contrary, some studies suggest possible protective role of NO, through NF-kB feedback mechanism. [26] [27] [28] So far, only few studies investigated difference of expression of NF-kB, iNOS, and some other inflammatory factors in knee synovium between early and advanced OA. Some were without control group and clinical data of the patients 11 or were performed on a non-weight bearing joint of an animal model. 29 One study compared synovial fluid NO with WOMAC and found no correlation. 30 NF-kB and iNOS expression pattern in OA of the knee joint and their relation to histological, radiological, and clinical parameters have been rarely investigated. Therefore, the aim of this study was to analyze the NF-kB and iNOS expression pattern in the synovial membrane in the early and advanced stages of OA according to the radiological stage of OA, histological difference in synovitis severity and clinical parameters. Our data can help elucidate the role of pro-inflammatory NF-kB and iNOS factors in the advancement of symptoms in the primary OA of the knee joint.
METHODS Patients
This is an analytic, observational, cross sectional study, with evidence level 3. It included 30 patients admitted to the Department of Orthopaedics and traumatology of University Hospital Mostar. The inclusion and exclusion criteria were in accordance with the American College of Rheumatology Diagnostic and Therapeutic Criteria for knee OA. 31 Four weeks prior to surgery, patients did not receive any antiinflammatory drugs. 30 Detailed information on inclusion/ exclusion criteria is in Supplementary Appendix. The following information such as gender, age, body mass index (BMI), range of motion (ROM), knee axis, symptoms duration in months (pain and contracture), and clinical stage of the disease by Western Ontario and McMaster Universities Arthritis Index (WOMAC) were obtained. 32 Twenty patients (over 40 years old) had primary OA, and they were divided in two groups by radiological, Kellgren-Lawrence (K-L) classification 33 : Ten patients with early OA and ten patients with advanced OA. The control group had 10 younger age patients (16-40 years) admitted for fresh meniscal injury without arthroscopically visible hyaline cartilage damage, grade 0 or 1 by International Cartilage Repair Society classification (ICRS). 34 In early radiographic OA, patients usually complained about pain and sometimes knee locking. Here, we performed arthroscopies with the debridement of the deteriorated cartilage and abundant synovial membrane. When there was knee locking, we usually found medial meniscal bucket-handle tear, so in that case, partial meniscectomy was performed. Arthroscopy, a minimally invasive procedure, can prolong the need for the knee endoprosthesis, relieve some of the pain, and prevent future knee locking in some patients. In advanced radiographic OA, total knee endoprosthesis was implanted. The Ethics Committee of the School of Medicine, University of Mostar and the University Hospital Mostar, Bosnia and Herzegovina approved the study and all patients gave written, informed consent (informed consent in English and in Croatian are in Supplementary Appendix).
Synovial Tissue Collection
Larger sample of synovial biopsies were taken during total knee arthroplasty from ten patients with advanced OA (stage 3 and 4 according to K-L classification). In all cases, standard medial parapatellar exposure was used. Synovial biopsies in other group were performed arthroscopically. Samples were taken from ten patients with early OA (stage 1 and 2 according to K-L classification) and from control group. All patients from early OA group had their samples taken from suprapatellar pouch, medial and lateral gutter by direct visualization of the inflamed, and hypertrophied tissue. Samples from control group were taken randomly from same joint localizations. Standard knee arthroscopic portals were used for arthroscopy. Detailed information about tissue collection in Supplementary Appendix.
Tissue Processing and Analyzes
Tissue samples of synovial biopsies were formalin-fixed, paraffin-embedded, serially sectioned (4 mm), mounted on glass slides, and analyzed using an Olympus CX41 light microscope (Olympus, Tokyo, Japan). Every 10th section underwent haematoxylin and eosin staining followed by grading according to the three synovial membrane features of Krenn synovitis score: Synovial lining cell layer thickness (intima), subintima cell density (resident cells), and inflammatory infiltrate (non-resident cells in subintima), the ranking of alterations being on a scale from none (0), slight (1) and moderate (2) to strong (3) . The values of the parameters were summarized and interpreted as follows: 0-1, no synovitis; 2-4, low-grade synovitis; and 5-9, high-grade synovitis. 35 For every patient there was three biopsies that were sectioned in ten tissue sections, making a total of 30 sections per patient. Immunohistochemistry with primary antibodies to NF-kB and iNOS (Santacruz Biotechnology, Santa Cruz, CA, SC-109 and SC-651 respectively) was used to determine the number of positive cells in the surface layer of cells (intima) and the underlying tissue (subintima) of the synovial membrane. Sections were processed with immunohistochemistry protocol as we previously described. 36 For negative control primary antibodies were excluded from the staining procedures. As a positive control, we used the tissue of lymph nodes and tonsils. We counted only cells that had brown colored nucleus as a result of NF-kB staining and cells that had brown colored cytoplasm as a result of iNOS staining. For this analysis, Olympus CX41 (Olympus, Tokyo, Japan) microscope with a DP71 digital camera (Olympus, Tokyo, Japan) was used, as well as the DP-SOFT Version 3.1, Olympus CellB (Olympus, Tokyo, Japan) and ImageJ software. 37 The total number of NF-kB and iNOS positive cells were calculated as number of cells per millimeter square in the intima and subintima of the synovial NF-kB AND iNOS IN SYNOVIAL MEMBRANE membrane. The final total number per patient was the mean of 30 sections that were counted.
Statistical Analysis
The data was analyzed using SPSS17 software. Nonparametric variables were presented as frequencies and percentages. Parametric variables were shown as median and interquartile range due to deviations from the normal distribution. To test differences between groups for categorical variables we used x 2 test and Fisher's exact test. To test differences between the parametric variables we used the Mann-Whitney U-test and Kruskal-Wallis test when the distribution of the data significantly deviated from the normal. To test the correlation between the studied variables Spearman's correlation coefficient was used. Probability level p < 0.05 in all tests was taken as statistically significant.
RESULTS
Histological examination revealed that synovial membrane from patients with early OA contained abundant cell infiltrate, in contrast to the synovial membrane of patients with advanced OA, which displayed more lymphoid nodules and adipose tissue (Fig. 1) .
On a chart (Fig. 2) we can see the distribution of radiologically early and advanced OA groups according to Krenn synovitis score. All ten patients with early OA had high-grade synovitis. Six patients from advanced OA group had low-grade, while four patients had highgrade synovitis. Patients from control group had no synovitis.
Differences According to Radiological Score and Nf-kb and iNOS Expression
Immunohistochemical staining with NF-kB and iNOS antibodies was used to examine the differences in the expression of these markers depending on the stage of the disease and localization in the synovial tissueintima and subintima (Fig. 3) . In early OA, high expression of NF-kB and iNOS especially in intima was observed (Fig. 3B and E) . In advanced OA, the expression of NF-kB and iNOS decreased, with exception of iNOS in intima (Fig. 3C and F The expression of both NF-kB and iNOS is proportionally higher with a higher degree of Krenn synovitis score ( Table 2) .
Correlations Between Examined Inflammatory Factors and Clinical Results
This correlation can be seen on Table 3 . Important findings are negative correlation between NF-kB expression in intima and WOMAC score (Spearman p ¼ 0.006). Also, we found statistically significant negative result in all correlations between pain duration and NF-kB and iNOS expression, except iNOS expression in the intima (Spearman p ¼ 0.523).
Differences Concerning Demographic and Other Clinical Information
The proportion of women was significantly higher in the advanced OA, while the proportion of men was significantly higher in the control group (which correlates to "no synovitis" group) (Fisher test p < 0.001, and p ¼ 0.005 respectively). Duration of the symptoms (pain and contracture) was significantly longer in women than in men (Mann-Whitne y U-test p ¼ 0.024). Other correlations, including NF-kB and iNOS showed no significant differences according to gender. Patients in the advanced OA group were significantly older, had longer duration of the symptoms and higher WOMAC score (Mann-Whitney U-test p < 0.001, p < 0.001, p ¼ 0.043 respectively). There were no significant differences according BMI and range of motion regarding radiographic stage of the disease (Table S5 in Supplementary Appendix). Immunohistochemistry of healthy and osteoarthritic synovium with iNOS and NF-kB. Synovial membrane of patients in the control group showed few (A) iNOS and (D) NF-kB positive cells in intima (arrow heads) and subintima (arrows). In patients with early OA, (B) iNOS and (E) nuclear NF-kB were strongly expressed in synovial intima (arrow heads) and subintima (arrows). Synovial membrane of patients with advanced OA had (C) strong iNOS expression in synovial intima (arrow heads), and weak in the subintima (arrows), while (F) nuclear NF-kB had weak expression in both synovial intima (arrow heads) and subintima (arrows). Immunohistochemical staining with iNOS and NF-kB. Magnification Â40. Scale bar 25 mm.
NF-kB AND iNOS IN SYNOVIAL MEMBRANE

DISCUSSION
Previous studies established the etiology of OA as inflammatory, and our study indicate that the inflammation is more pronounced in the early OA than in advanced. Concerning inflammatory etiology of OA, we found higher level of all observed parameters of synovial membrane inflammation and higher expression of NF-kB and iNOS in the OA groups compared to the control group. 2, 3, 24 In recent observations by Guermazi et al. and Felson et al. in the "MOST study," strong correlation between synovitis progression and radiographic OA was confirmed, with synovitis being the risk factor for OA progression. 8, 13 Ayral et al. reported that only severe synovitis was a prediction factor for OA advancement. 7 In our study, the patients with early radiographic OA had significantly higher grade of Krenn synovitis score than patients with advanced OA. That is in line with recent literature, where synovitis is considered a "missing link" between the initial, radiologically invisible cartilage damage and advanced OA, with visible erosion of cartilage and subchondral bone, and osteophytes. 3, 13, 15, 38 We found somewhat higher WOMAC score in patients with a lower degree of synovitis, which are in an advanced stage of radiological OA, but with no statistically significant difference.
Lymphocytic infiltrate was the only one of the three Krenn's components that was higher in the advanced OA than in early. Changes in the intima thickness of the synovial membrane, as well as the amount of resident cells in the subintima, are important in the initial stages of the disease when there is still no clear radiological changes.
14 Since synovial membrane does not have basal lamina, resident cells in the subintima are in close contact with inflammatory factors in the joint cavity and they are present there from the very beginning of the inflammation. 3, 11, 16 Lymphocyte nodules and fatty degeneration are present only in advanced OA, which, in some aspects, over time becomes more like rheumatoid arthritis and other autoimmune, systemic diseases. 39 Ru Liu-Bryan highlighted the role of innate immunity in early OA changes, 16 while in advanced OA, adaptive immunity is responsible for production of inflammatory factors and ongoing synovitis. 40 These observations suggest the presence of an active cell-mediated immune response in majority of OA patients. 41 Comparing three Krenn synovitis score parametres with clinical parameters, the only statistically significant correlation was between lymphocytic infiltration and the length of the disease. Patients who had high-grade synovitis in the advanced radiographic osteoarthritis group had more pronounced pain in general than patients with lowgrade. Also, patients with low-grade inflammation only felt pain during the activity, while patients with highgrade inflammation had pain at the standstill.
In the radiologically early OA, we found high expression of nuclear, active NF-kB in the synovial membrane, which was important for metabolically active stage of the disease when pro-inflammatory factors were being abundatly produced. 19, 42 In this study we counted nuclear, activated NF-kB, which is much more important than the ones located in the cytoplasm. 29 In early OA, inflammatory cells of intima and subintima express NF-kB that produce iNOS and other inflammatory factors. 3, 16 In the radiologically advanced OA, the expression of NF-kB decreased 10 fold, almost to the level of the control group. Previous studies as well as our still non-published results showed that lymphocytes are metabolically most active cells in advanced stage, with increased NF-kB expression, showing that lymphocytic infiltrate in subintima is probably largely responsible for the continous progression of the disease in advanced OA. 39, 40 Differences between expression of inflammatory factors between intima and subintima are important components of this study, because previous studies did not separately observe these two parts of the synovial membrane. 11, 30 The expression of iNOS in the intima was statistically the same in the early and advanced OA, which indicates that iNOS expression in intima does not follow proportionately the NF-kB expression. This supports a theory of NO suppressive effect on the production of NF-kB in the advanced stage of OA, as also confirmed in the studies of Chang, Tak, Rosa, and Clancy. 26, 27, 43, 44 In subintima, same pattern is found in the expression of NF-kB and iNOS in early and advanced stage of OA, where the iNOS number reduces in advanced OA. The difference in the expression of iNOS in intima and subintima in advanced radiological stage of OA was significant because greater exposure of intima to other pathological processes in joint cavity sustains local iNOS expression. If the absolute numbers are observed, rather than statistical ratios, both NF-kB and iNOS were few times more present in the intima than in the subintima in both stages of the disease, which once again implies synovitis to be reactive disease, as a result of cartilage damage products. Synovitis later shows inflammation features, but it is not first to occure in the overall pathophysiology of OA.
3,14-16 Notable negative correlation between NF-kB in the intima and WOMAC result was found. This is a further evidence of a strong expression of NF-kB in radiological early OA, while WOMAC score is low. NF-kB was proportionally higher with higher degree of Krenn synovitis score. This might implay NF-kB pathway to be responsible for the production of inflammatory factors in OA, among others and iNOS, that are responsible for the occurrence of synovitis, with possible consequences for all intraarticular structures. 14, 15, 45, 46 In conclusion, our study involved patients with the early and advanced OA and their control where expression of pro-inflammatory markers were examined in synovial membrane and correlated to histological, radiogical, and clinical parameters. The major novelty of the study was the finding of higher expression of both of the inflammatory factors (NF-kB and iNOS) in early radiological OA comparing to the advanced OA, with the exception of iNOS in synovial intima. Also, we found a strong correlation between Krenn synovitis score and these two inflammatory factors indicating potential use in the medical practise as prognostic or therapeutic target.
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